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' ' DESCRIPTION 

VIBRATION WAVE DRIVEN APPARATUS AND VIBRATOR 

5 Technical Field 

The present invention relates to a vibration wave 
driven apparatus and a vibrator. In particular, the 
present invention relates to the shape of a vibrator of 
a small linear type ultrasonic motor. 

10 

Background Art 

An ultrasonic motor disclosed in Japanese Patent 
Publication (Kokoku) No. H06-106028 uses a bar-like or 
plate-like vibrator having projections. An ultrasonic 

15 motor disclosed in Japanese Laid-open Patent 

Publication (Kokai) No. 2001-111128 has a vibrator that 
has contact parts instead of projections. 

The ultrasonic motor disclosed in Japanese Patent 
Publication (Kokoku) No. H06-106028 includes, as shown 

20 in FIG. 12, a vibration plate 51 which has one surface 
thereof formed with projections 52a and 52b, 
piezoelectric elements 53a, 53b, and 53c provided on 
the other surface of the vibration plate 51; and a 
driven member 55 disposed in contact with the 

25 projections 52a and 52b. The piezoelectric elements 
53a, 53b, and 53c excite the vibration plate 51 to 
generate vibrations in a stretching vibration mode and 
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a bending vibration mode. The projections 52a and 52b 
are disposed at the loops of vibrations in the 
stretching vibration mode or in the vicinity thereof so 
that the tip ends thereof make a reciprocating motion 
5 in a direction indicated by XX X" in FIG . 12. The 
projections 52a and 52b are also disposed in the 
vicinity of the loops of vibrations in the bending 
vibration mode so that the tip ends thereof make a 
reciprocating motion in a direction indicated by "Z" in 

10 FIG. 12. Vibrations in the stretching vibration mode 
and vibrations in the bending vibration mode are 
combined to cause the tip ends of the projections 52a 
and 52b to make an elliptic motion. This elliptic 
motion causes a feeding force to be transmitted to the 

15 driven member 55 to move the driven member 55 relative 
to the vibration plate 51 in the direction indicated by 
"X" in FIG. 12. 

The reason why the vibration plate 51 has the 
projections 52a and 52b that are disposed at loops of 

20 vibrations in the stretching vibration mode or in the 
vicinity thereof and are also disposed in the vicinity 
of loops of vibrations in the bending vibration mode is 
that contacting of the driven member 55 with the 
vibration plate 51 at a position other than these 

25 positions causes an inconvenience such as generation of 
abnormal noise or reduced output. An elliptic motion 
generated at a position other than these positions has 
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magnitude and phase that are different from those of an 
elliptic motion that is generated at the loops of 
vibrations in the stretching vibration mode or in the 
vicinity thereof and in the vicinity of the loops of 
5 vibrations in the bending vibration mode. This even 
impedes movement of the driven member 55. 

As shown in FIG. 13 , the ultrasonic motor 
disclosed in Japanese Laid-Open Patent Publication 
(Kokai) No. 2001-111128 includes a frame-like base 60, 

10 a rectangular flat vibration plate 61 supported by the 
base 60 via four stays and having a substantially 
smooth surface without no projection or recessed 
portion, a piezoelectric element 63 provided on one 
surface of the vibration plate 61 at one end portion 62 

15 thereof, and a driven member 65 disposed in contact 
with the other surface of the vibration plate 61. 

The piezoelectric element 63 excites the vibration 
plate 61 to generate primary out-of-plane bending 
vibrations to cause the vibration plate 61 to be 

20 arcuately deformed. This deformation causes both ends 
of the vibration plate 61 to be displaced, thereby 
moving the driven member 65 relative to the vibration 
plate 61 in a direction indicated by the arrow in FIG. 
13* This vibration plate 61 has no projection and thus 

25 is excellent in workability, thereby providing the 
advantage that the manufacturing process can be 
simplified and a required component accuracy can be 
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easily obtained. 

However, in the case of the ultrasonic motor 
disclosed in Japanese Laid-Open Patent Publication 
(Kokai) No. 2001-111128, the vibration plate 61 of the 
5 vibrator has only the out-of-plane bending vibration 
mode as a vibration mode in which it can be excited to 
generate vibrations, making it difficult to obtain a 
large force for feeding the driven member. Further, in 
the ultrasonic motor disclosed in Japanese Laid-Open 

10 Patent Publication (Kokai) No. 2001-111128, the contact 
parts at which the vibration plate 61 contacts the 
driven member 61 are edges of the vibration plate 61, 
which have a very small area. Thus, it is difficult to 
form the contact parts at which the vibration plate of 

15 the vibrator contacts the driven member so as to obtain 
a desired shape and a desired flatness with a high 
accuracy. 

On the other hand, in the case of the ultrasonic 
motor disclosed in Japanese Patent Publication (Kokoku) 

20 No. H06-106028, the vibration plate 51 of the vibrator 
is excited in the two vibration modes, thus being free 
of the above-described problem, i.e. an insufficient 
output from an ultrasonic motor. Moreover, this 
ultrasonic motor also has the two projections 52a and 

25 52b and thus does not suffer from the above-described 
problem of the shape and flatness of the contact parts. 
However, in the vibration plate 51, the projections 52a 
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and 52b are generally prepared from a material by 
machining and this machining cuts off significant 
portions of the vibration plate 51 other than the 
projections. Thus, the vibration plate 51 tends to 
5 have a deformation due to machining- In addition, it 
is difficult to provide the machined portions with a 
required accuracy. Furthermore, the existence of the 
projections 52a and 52b increases the size of the 
. vibrator, which is not suitable for designing the 
10 ultrasonic motor compact in size. 

Disclosure of Invention 

It is an object of the present invention to 
provide a vibration wave driven apparatus and a 

15 vibrator that make it possible to secure a required 
component accuracy obtained by machining and can 
increase a power ratio to the size of the apparatus. 

To attain the above object, in a first aspect of 
the present invention, there is provided a vibration 

20 wave driven apparatus comprising a driven member, an 

elastic member having one surface opposed to the driven 
member, and another surface, the elastic member having 
a plurality of contact parts formed on the one surface 
and disposed in contact with the driven member, the 

25 elastic member being formed of a single member, and an 
electromechanical conversion element joined to the 
other surface of the elastic member, wherein at least 



6 

one of the elastic member and the electromechanical 
conversion element has a portion thereof opposed to the 
driven member, the portion having at least one recessed 
part formed therein at a location other than the 
5 contact parts, whereby the elastic member is disposed 
in contact with the driven member at the contact parts. 

Preferably, the elastic member has a second 
portion not opposed to the driven member, the second 
portion being flush with the contact parts. 
10 Preferably, the elastic member is formed from a 

metal plate material by press punching or by an etching 
process . 

Preferably, the electromechanical conversion 
element comprises a laminated piezoelectric element 
15 having piezoelectric materials and electrode materials 
alternately laminated one upon another. 

Preferably, the elastic member includes a 
plurality of second recessed parts for adjusting 
vibration characteristics of the vibrator formed 
20 therein at a plurality of locations thereof. 

Preferably, the elastic member has at least one 
supporting part integrally formed thereon, for 
supporting the vibrator. 

Preferably, the electromechanical conversion 
25 element excites the elastic member in a plurality of 
out-of-plane bending vibration modes having different 
wavelength directions . 
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More preferably, the plurality of contact parts 
are formed in a vicinity of loops of one of the bending 
vibration modes and in a vicinity of nodes of another 
one of the bending vibration modes. 
5 Preferably, the contact parts have at least one 

space formed in a surface thereof opposed to the 
electromechanical conversion element . 

Preferably, the driven member and the elastic 
member form a magnetic circuit. 

10 To attain the above object, in a second aspect of 

the present invention, there is provided a vibrator 
comprising an elastic member having one surface and 
another surface, the elastic member having a plurality 
of contact parts formed on the one surface, the elastic 

15 member being formed of a single member, and an 

electromechanical conversion element joined to the 
other surface of the elastic member, wherein the 
electromechanical conversion element excites the 
elastic member in a plurality of out-of-plane bending 

20 vibration modes having different wavelength directions, 
and the elastic member has a recessed part formed on 
the one surface thereof between the plurality of 
contact parts. 

Preferably, the elastic member is formed from a 

25 metal plate material by press punching or by an etching 
process . 

Preferably, the electromechanical conversion 
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element comprises a laminated piezoelectric element 
having piezoelectric materials and electrode materials 
alternately laminated one upon another. 

Preferably, the elastic member includes a 
5 plurality of second recessed parts for adjusting 
vibration characteristics of the vibrator formed 
therein at a plurality of locations thereof. 

Preferably, the elastic member has at least one 
supporting part integrally formed thereon, for 
10 supporting the vibrator. 

Preferably, the plurality of contact parts are 
formed in a vicinity of loops of one of the bending 
vibration modes and in a vicinity of nodes of another 
one of the bending vibration modes. 
15 Preferably, the contact parts have at least one 

space formed in a surface thereof opposed to the 
electromechanical conversion element . 

The above and other features and advantages of the 
present invention will be apparent from the following 
20 description taken in conjunction with the accompanying 
drawings, in which like reference characters designate 
the same name or similar parts throughout the figures 
thereof . 
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Brief Description of Drawings 

FIG. 1 is a schematic perspective view showing a 
vibration wave driven apparatus according to an 
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embodiment of the present invention; 

FIG. 2 is a perspective view showing a vibrator 
appearing in FIG. 1; 

FIG. 3 is a cross-sectional view taken along plane 
5 X-Z in FIG. 2, showing the vibrator of FIG. 2; 

FIG. 4A is a diagram useful in explaining a first 
vibration mode in which the vibrator in FIG. 1 is 
excited; 

FIG. 4B is a diagram useful in explaining a second 
10 vibration mode in which the vibrator is excited; 

FIG. 5A to FIG. 5G are top plan views showing 
respective piezoelectric element films laminated on a 
piezoelectric element plate appearing in FIG. 2; 

FIG. 6 is a cross-sectional view taken along plane 
15 X-Z in FIG. 2, schematically showing the structure of a 
first variation of the vibrator of FIG. 2; 

FIG. 7 is a schematic perspective view showing the 
structure of a second variation of the vibrator of FIG. 
2; 

20 FIG. 8 is a schematic perspective view showing the 

structure of a third variation of the vibrator of FIG. 
2; 

FIG. 9 is a schematic perspective view showing the 
structure of a fourth variation of the vibrator of FIG. 
25 2; 

FIG. 10 is a cross-sectional view taken at line X- 
X in FIG. 9; 



FIG- 11 is a schematic perspective view showing 
the structure of a fifth variation of the vibrator of 
FIG. 2; 

FIG. 12 is a view useful in explaining the 
5 structure of a conventional ultrasonic motor; and 
FIG. 13 is a view useful in explaining the 
structure of another conventional ultrasonic motor. 

Best Mode for Carrying Out the Invention 

10 The present invention will be described with 

reference to the drawings showing a preferred 
embodiment thereof . 

FIG. 1 is a schematic perspective view showing an 
ultrasonic motor as a vibration wave driven apparatus 

15 according to an embodiment of the present invention. 
The ultrasonic motor 1 in FIG. 1 is mainly 
comprised of a vibrator 2, and a slider 3 held in 
contact with the vibrator 2 while being pressurized by 
the vibrator. In addition to these components, the 

20 ultrasonic motor 1 also includes a flexible substrate 
for electrically connecting the vibrator 2 to an 
external device, a supporting member that supports the 
vibrator 2, a guide member for the slider 3, and a 
pressurization mechanism for pressurizing the slider 3 

25 against the vibrator 2. These components such as the 
flexible substrate and the supporting member are 
already known, and description thereof is omitted. 
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The slider 3 is comprised of a square bar-like 
slider base part 31 formed of a magnetic material, and 
a plate-like friction member 32 that is joined to the 
slider base part 31 and is formed of a material having 
5 a high friction coefficient and a high friction 

durability- In the present embodiment, a martensite- 
based material SUS440C with its surface subjected to 
nitriding is used as the material of the friction 
member 32. 

10 The magnetic material constituting the slider base 

part 31 forms a magnetic circuit together with the 
ferromagnetic material SUS440C constituting the 
vibration plate 11. The friction member 32 generates a 
frictional force acting between the friction member 32 

15 and the vibration plate 11 when the slider 3 is 
pressurized against the vibrator 2. 

The vibrator 2 is comprised of a rectangular flat 
plate-like elastic vibration plate 11 having a part of 
one surface thereof formed as contact parts 11-a (see 

20 FIG . 2) that are in contact with the friction member 32 
of the slider 3, and a piezoelectric element plate 12 
also having a rectangular flat plate-like shape and 
joined by bonding using an adhesive or the like to the 
other surface of the vibration plate 11, thus 

25 presenting a so-called unimorph structure. The 

vibration plate 11 is formed from a 0.15mm-thick plate 
material SUS440C that is a ferromagnetic martensite- 
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based stainless steel, by machining. The entire 
vibration plate 11 has a substantially flat plate-like 
shape and hence can exhibit desired in-plane rigidity. 
Thus, the vibrator 2 can satisfy in-plane rigidity of 
5 the vibration plate 11 that the unimorph structure is 
required to have . 

FIG. 2 is a perspective view showing the vibrator 
2 in FIG. 1. 

In the vibrator 2 of FIG. 2, the vibration plate 

10 11 and the piezoelectric element plate 12 have shapes 

and relative positions thereof determined so that edges 
of the two members in the directions "X" and XX Y" are 
substantially aligned with each other. The vibrator 2 
has a longer side of 5.5 mm, a shorter side of 3.1mm, 

15 and a thickness of 0.5mm. 

The vibration plate 11 has, on one surface thereof, 
two contact parts 11-a and two edge parts 11-b 
constituting thicker parts. The contact parts 11-a 
extend in the direction "Y" while the edge parts 11-b 

20 extend in the direction "X' 7 . The vibration plate 11 
also includes, at a region opposed to the slider 3, a 
thinner part 11-c as a recessed part provided at the 
center of the vibration plate 11 in the direction "X" 
and two thinner parts 11-d as recessed parts provided 

25 at both ends of the vibration plate 11 in the direction 
"X". The surfaces of the contact parts 11-a are flush 
with the surfaces of the edge parts 11-b. The two edge 
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parts 11-b are not opposed to the slider 3. The 
vibration plate 11 is formed integrally with a 
supporting member, not shown, for supporting the 
vibrator 2. 

5 The two contact parts 11-a are disposed in the 

vicinity of the loops of a first vibration mode and in 
the vicinity of nodes of a second vibration mode (FIG. 
4A and FIG. 4B) , respectively. The vibration plate 11 
is excited in the first vibration mode and the second 

10 vibration mode by the piezoelectric element plate 12. 

The vibration plate 11 has portions on one surface 
thereof corresponding to the thinner parts 11-c and 11- 
d subjected to etching processing so as to have a 
reduced thickness, to thereby form the thinner parts 

15 11-c and 11-d. The thinner parts 11-c and 11-d have a 
thickness of 0.1 mm. 

The thinner parts 11-c and 11-d may be formed by 
notching using press punching. It should be noted that 
the above-mentioned size values of the vibration plate 

20 11 and the piezoelectric element plate 12 are merely 
given by way of example and the sizes are not limited 
to the above-mentioned values. These size values of 
the vibrator 2 may be freely set depending on the 
required entire size of the vibrator 2 and the 

25 resonance frequencies of the vibration modes. 

FIG. 3 is a cross-sectional view taken along plane 
X-Z in FIG. 2, showing the vibrator 2 of FIG. 2.. 
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The piezoelectric element plate 12 shown in FIG. 3 
is formed by a laminated piezoelectric element in FIG . 
5, which will be described later. Alternatively, the 
piezoelectric element 12 may be formed by a bulk 
5 piezoelectric element. 

As shown in FIG. 3, the piezoelectric element 
plate 12 is comprised of two activation parts 13-A and 
13-B arranged side by side in the direction "X". When 
a predetermined electric field is applied to each of 

10 these activation parts 13-A and 13-B, the vibrator 2 
becomes deformed in a bent manner. The piezoelectric 
element plate 12, which, including parts 11-b, 11-c, 
and 11-d other than the contact parts 11-a, is fixedly 
joined to the vibration plate 11, is deformed in a bent 

15 manner together with the vibration plate 11- 

Specif ically, when alternating current signals of a 
frequency close to the resonance frequencies of the 
vibration plate 11 in the first and second vibration 
modes described later with reference to FIGS. 4A and 

20 FIG. 4B are applied to the respective activation parts 
13-A and 13-B so that the phases of the alternating 
current signals are offset by 90° from each other, the 
vibrator 2 can be excited in the first and second 
vibration modes. Thus, the vibrations in the first 

25 vibration mode are substantially shifted by 90° from 
those in the second vibration mode. 

FIG. 4A is a diagram useful in explaining the 
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first vibration mode in which the vibrator 2 in FIG . 1 
is excited, and FIG. 4B is a diagram useful in 
explaining the second vibration mode in which the 
vibrator 2 is excited. It should be noted that, for 
5 easy understanding of the first vibration mode and the 
second vibration mode, FIG. 4A and FIG. 4B show amounts 
of displacement of the vibrator 2 in an exaggerated 
manner . 

In FIG. 4A, the first vibration mode is a primary 

10 out-of-plane bending mode in which two vibration nodes 
are generated as viewed in the direction "X" in FIG. 2. 
In FIG. 4B, the second vibration mode is a secondary 
out-of-plane bending mode in which three vibration 
nodes are generated as viewed in the shown direction 

15 "Y" in FIG. 2. The first vibration mode and the second 
vibration mode are different in wavelength direction, 
i.e. in the direction in which the nodes are generated. 
The shape of the vibrator 2 is selected so that these 
two vibration modes have substantially the same 

20 resonance frequency. 

When the vibrator 2 is exited in the first 
vibration mode, the two contact parts 11-a repeatedly 
make up-and-down motions in the direction X> Z" in FIG. 4. 
When the vibrator 2 is exited in the second vibration 

25 mode, the two contact parts 11-a repeatedly make 

forward and backward motions in the direction "X" in 
FIG. 4. When excitations in the first and second 
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vibration modes are carried out such that the 
respective vibration modes are shifted in temporal 
phase by 90° for example, the plurality of contact 
parts 11-a make elliptic motions in the X-Z plane with 
5 different phases but with the same trajectory. These 
elliptic motions cause a feeding force to act upon the 
slider 3 disposed in pressure contact with the contact 
parts 11-a, in the direction "X" in FIG. 1 to move the 
slider 3 relative to the vibrator 2 . 

10 The thinner parts 11-c and 11-d are recessed or 

lower in level than the contact parts 11-a. Thus, 
although in FIG. 4A and FIG. 4B, the displacement of 
the vibrator 2 is shown in exaggerated amounts, the 
thinner parts 11-c and 11-d actually do not interfere 

15 with the slider 3 even when the contact parts 11-a are 
making elliptic motions. As a result, only the 
plurality of contact parts 11-a that generate a desired 
feeding force (each of the contact parts 11-a generates 
substantially the same feeding force) can contact the 

20 slider 3, whereby the desired feeding force can be 
applied to the slider 3 . 

FIG. 5A to FIG. 5G are top plan views showing, by 
way of example, respective piezoelectric element films 
SI to S7 constituting the piezoelectric element plate 

25 12 shown in FIG. 2 having a laminated structure. The 

piezoelectric element films SI to S7 may be designed in 
various configurations such as ones described in 
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Japanese Patent Laid-Open Publication (Kokai) No. 2004- 
320846, for example. 

As shown in FIG. 5A to FIG. 5G, the piezoelectric 
element plate 12 is prepared as a laminated 
5 piezoelectric element by aligning and laminating the 
seven piezoelectric element films SI to S7 in this 
order, and firing the laminated films. The 
piezoelectric element film S2 has electrode films S2-A, 
S2-B, and S2-S formed on one surface thereof. The 

10 piezoelectric element film S3 has an electrode film S3- 
G formed on one surface thereof . The piezoelectric 
element film S4 has electrode films S4-A and S4-B 
formed on one surface thereof. The piezoelectric 
element film S5 has, on one surface thereof, an 

15 electrode film S5-G. The piezoelectric element film S6 
has electrode films S6-A and S6-B formed on one surface 
thereof. The piezoelectric element film S7 has an 
electrode film S7-G formed on one surface thereof. 
The piezoelectric element film SI has formed 

20 therein four through electrodes Sl-HA, Sl-HB, Sl-HS, 
and Sl-HG. The piezoelectric element film S2 has 
formed therein three through electrodes S2-HA, S2-HB, 
and S2-HG. The piezoelectric element film S3 has 
formed therein three through electrodes S3-HA, S3-HB, 

25 and S3-HG. The piezoelectric element film S4 has 

formed therein three through electrodes S4-HA, S4-HB, 
and S4-HG. The piezoelectric element film S5 has 
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formed therein three through electrodes S5-HA, S5-HB, 
and S5-HG. The piezoelectric element film S6 has 
formed therein one through electrode S6-HG. 

The above through electrodes are formed through 
5 the respective piezoelectric element films in the 

thickness direction thereof so as to provide conduction 
between associated electrode films* The through 
electrodes of the piezoelectric element film SI forming 
a surface layer are exposed to the surface of the 
10 piezoelectric element film SI so that these through 

electrodes are also used to provide conduction between 
the piezoelectric element plate 12 and an external 
circuit . 

The through electrode Sl-HA provides conduction 
15 between itself and the electrode films S2-A, S4-A, and 
S6-A. The through electrode Sl-HB provides conduction 
between itself and the electrode films S2-B, S4-B, and 
S6-B* The through electrode Sl-HG provides conduction 
between itself and the electrode films S3-G, S5-G, and 
20 S7-G, The through electrode Sl-HS provides conduction 
between itself and the electrode film S2-S, 

When the through electrode Sl-HG is used as a 
common potential electrode and an alternating current 
potential is applied to the through electrode Sl-HA, 
25 substantially a half of the piezoelectric element plate 
functions as the activation part 13-A (FIG. 3) . When 
the through electrode Sl-HG is used as a common 
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potential electrode and an alternating current 
potential is applied to the through electrode Sl-HB, 
substantially a half of the piezoelectric element plate 
functions as the activation part 13-B (FIG. 3) . A 
5 sensor for monitoring the vibration state of the 

vibrator 1 is provided by detecting an output potential 
of the through electrode Sl-HS with the through 
electrode Sl-HG as a common potential electrode when 
the vibrator 1 is in a driven state. 

10 According to the ultrasonic motor 1 of the present 

embodiment , the surfaces of the contact parts 11-a are 
flush with the surfaces of the edge parts 11-b, and 
thus a required component accuracy obtained by 
machining can be easily secured. Further, the vibrator 

15 has no projection and hence the size of the vibrator 

can be reduced, whereby the power ratio to the size of 
the ultrasonic motor 1 can be increased. 

Also according to the ultrasonic motor 1 of the 
present embodiment, the vibration plate 11 has 

20 substantially the same thickness over the entire range 
of the contact parts 11-a and the edge parts 11-b. 
Thus, the vibration plate 2 can be formed by press 
punching a metal plate material or by an etching 
process, that is, the method of forming the vibration 

25 plate 2 can be selected. 

Although the first vibration mode and the second 
vibration mode have been described as the primary out- 
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of-plane bending mode and the secondary out-of-plane 
bending mode,, respectively , the first vibration mode 
and the second vibration mode are not limited to them. 
The first vibration mode and the second vibration mode 
5 also may be the primary out-of-plane bending mode and a 
quaternary out-of-plane bending mode, respectively, or 
may be the secondary out-of-plane bending mode and a 
ternary out-of-plane bending mode, respectively. In 
short, the first vibration mode and the second 

10 vibration mode may be any bending vibration modes 
insofar as a plurality of positions exist at which 
elliptic motions have substantially the same trajectory 
in the vicinity of the loops of one bending mode and in 
the vicinity of the nodes of the other bending mode. 

15 FIG. 6 is a cross-sectional view taken along plane 

X-Z in FIG. 2, schematically showing the structure of a 
first variation of the vibrator of FIG. 2. 

The vibrator 102 of FIG. 6 has substantially the 
same structure as that of the vibrator 2 of FIG. 2. 

20 Therefore, the same components as those of FIG. 1 are 
denoted by the same reference numerals and duplicate 
description thereof is omitted. Only components 
different from those of the vibrator 2 of FIG. 2 will 
be described below. This also applies to further 

25 variations described hereinafter. 

As shown in FIG. 6, a deactivation part 14 is 
interposed between the piezoelectric element plate 12 
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and the vibration plate 11. With the vibration plate 
11 and the piezoelectric element plate 12 integrally 
joined together via the deactivation part 14, the 
vibration plate 12 and the deactivation part 14 act as 
5 in-plane rigidity parts required for the unimorph 
structure - 

The piezoelectric element plate 12 of the first 
variation is preferably formed of a laminated 
piezoelectric element. Specif ically f the piezoelectric 

10 element film S7 of the laminated piezoelectric element 
shown in FIG . 5 is followed by a piezoelectric element 
film that has no electrode and acts as the deactivation 
part 14, thereby providing the structure of the 
piezoelectric element plate 12 including the 

15 deactivation part 14 as shown in FIG. 6. 

FIG. 7 is a schematic perspective view showing the 
structure of a second variation of the vibrator of FIG. 
2. 

As in the case of the vibrator 2 of FIG. 2, the 
20 vibration plate 101 of the vibrator 202 of FIG. 7 is 
comprised of contact parts 11-a and edge parts 11-b. 
The lengths in the directions "X" and "Y" of the 
vibration plate 101 are shorter than those of the 
piezoelectric element plate 12. 
25 According to the vibrator 202 of FIG. 7, the 

vibration plate 11 has a simple shape and thus can be 
manufactured more easily. Furthermore, the vibration 
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plate 11 has a reduced area of joining to the 
piezoelectric element plate 12, and thus the amount of 
vibration energy absorbed by the adhesive can be 
reduced to improve the efficiency of the ultrasonic 
5 motor. 

FIG. 8 is a schematic perspective view showing the 
structure of a third variation of the vibrator of FIG. 
2. 

The vibration plate 11 of the vibrator 302 of FIG. 

10 8 includes four compensation thinner parts 11-e that 
are provided at opposed longer sides of the thinner 
part 11-c, two compensation thinner parts 11-e being 
disposed at each longer side. The compensation thinner 
parts 11-e each have the same thickness as that of the 

15 thinner part 11-c. The compensation thinner parts 11-e 
are formed from a metal plate material simultaneously 
with the thinner part 11-c by carrying out an etching 
process for example so as to remove unnecessary parts 
from the metal plate material. 

20 The compensation thinner parts 11-e are shaped 

such that the resonance frequency of the vibrator 11 
changes in the same manner in both of the two vibration 
modes and changes in accordance with the thicknesses of 
the two thinner parts 11-c and 11-e. In the third 

25 variation, the compensation thinner parts 11-e are 

formed at four positions substantially in the vicinity 
of the nodes of the second vibration mode so that the 
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resonance frequency changes in the same proportion both 
in the two vibration modes. 

According to the vibrator 302 of FIG. 8, it is 
possible to adjust a variation in the difference in the 
5 resonance frequency of the vibrator 2 in the respective 
two vibration modes due to a variation in the 
thicknesses caused during formation of the thinner 
parts, thereby preventing the vibrator 2 from having 
degraded vibration characteristics. 
10 FIG. 9 is a schematic perspective view showing the 

structure of a fourth variation of the vibrator of FIG. 
2. 

In the vibration plate 11 of the vibrator 402 of 
FIG. 9, the contact parts 11-a each have a recessed 

15 part 11-a' (FIG. 10) so as to form a space in a surface 
of the vibration plate 11 opposed to the piezoelectric 
element plate 12. As a result, the contact parts 11-a 
can provide the vibration plate 11 with an elastic 
characteristic exhibited in the direction XX Z" in FIG. 9 

20 so that the contact parts 11-a can contact the slider 3 
in a stable manner, thereby enabling efficient 
transmission of the vibration energy of the vibrator 
402 to the slider 3. This elastic characteristic can 
be set to a desired value by selecting the thickness or 

25 size in the direction "X" of the contact parts 11-a. 

FIG. 11 is a schematic perspective view showing 
the structure of a fifth variation of the vibrator of 
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FIG. 2. 

The vibration plate 11 of the vibrator 502 of FIG. 
11 is formed integrally with a pair of supporting parts 
11-f of the vibrator 502 which protrude from the body 
5 of the vibration plate 11 in the direction "Y" in FIG. 
11. 

According to the vibrator 502 of FIG. 11, the 
supporting parts 11-f are formed integrally with the 
vibrator 502, thus suppressing dissipation of the 

10 vibration energy caused by the state of joint of 
components and a variation in the vibration 
characteristics, for example. 

The supporting parts 11-f may be formed 
simultaneously with the vibration plate 11 when the 

15 vibration plate 11 is formed by press punching or an 
etching process, for example. This is suitable for 
mass production and provides a stable component 
accuracy, whereby the improved dimensional accuracy of 
the supporting parts can suppress variations in 

20 characteristics caused by a state of support of the 
vibrator 502. 

As many apparently widely different embodiments of 
the present invention can be made without departing 
from the spirit and scope thereof, it is to be 

25 understood that the invention is not limited to the 

specific embodiments thereof except as defined in the 
appended claims . 
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Industrial Applicability 

As described in detail heretofore,, according to a 
vibration wave driven apparatus according to a first 
5 aspect of the present invention, at least one of an 
elastic member, formed of a single member and having 
one surface formed with a plurality of contact parts 
disposed in contact with a driven member, and an 
electromechanical conversion element, joined to the 

10 other surface of the elastic member, has a portion 

thereof opposed to the driven member, and at least one 
recessed part is formed in the just-mentioned portion 
at a location other than the contact parts, whereby the 
elastic member is disposed in contact with the driven 

15 member at the contact parts; as a result, it is 
possible to secure a required component accuracy 
obtained by machining and increase a power ratio to the 
size of the apparatus. 

According to a vibrator according to a second 

20 aspect of the present invention, an elastic member is 
formed of a single member and has one surface having a 
plurality of contact parts formed thereon and a 
recessed part formed thereon between the contact parts, 
and an electromechanical conversion element is joined 

25 to another surface of the elastic member and excites 
the elastic member in a plurality of out-of-plane 
bending vibration modes having different wavelength 
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directions; as a result, it is possible to secure a 
required component accuracy obtained by machining and 
increase a power ratio to the size of the apparatus. 



